Introduction {#S1}
============

The surgical technique of arthroscopic microfracturing is indicated for treatment of small-and mid-diameter knee joint cartilage lesions. Using awls, blunt holes (microfractures) are punched into the subchondral bone of the debrided chondral lesion.^[@R1]^ Hematoma settles within the defective region and a stem cell fraction among this *super clot* is sought to differentiate into cartilage or cartilage-like tissue over time. It can currently be considered the most frequent treatment modality for symptomatic cartilage defects across the knee joint among adult patients.^[@R2]^ Long-term outcome, as described by Steadman and colleagues, is satisfying.^[@R3]^ Despite its popularity, there is only minimal evidence in the current literature to describe clinical results following microfracturing among children and adolescents. However, this population presents physiological differences in mesenchymal stem cell (MSC) quantity and activity,^[@R4]^ that potentially provide a more potent *super clot* than in adult patients. Furthermore, less invasive surgery may be particularly indicated in children and younger adolescents. The aim of this study was to report on clinical outcome following knee joint microfracture in the treatment of limited chondral lesions among children and adolescents.

Materials and Methods {#S2}
=====================

From a large cohort (n=560), we selected patients under the age of 17 years at the time of surgery who had been treated for knee cartilage defects using the microfracturing technique at our institution between 2001 through 2008. Patients\' characteristics (age, gender, body mass index (BMI), symptom duration until surgery, follow-up time, previous surgery) and defect morphology (location, diameter in square centimeter, depth according to the International Cartilage Repair Society, ICRS)^[@R5]^ were collected through a review of medical records. Clinical outcome (subjective International Knee Documentation Committee (IKDC) Knee form score,^[@R6]^ Lysholm score,^[@R7]^ Tegner activity scale,^[@R8]^ as well as a pre-and postoperative numeric analog scale (NAS) for pain (NAS-P) and function (NAS-F) with 0 representing *no pain* and 10 representing *maximal imaginable pain*) was obtained by telephone interview. All study data were anonymized during the study process. The study was approved by the local institutional review board, and all patients gave their oral consent to the interview.

The surgical approach has been comprehensively described before.^[@R9]^ Patients with a clinically clear symptomatology, *i.e.* adequate cartilage lesion(s) on pre-operative magnectic resonance imaging (MRI), were considered for surgery. The final decision to proceed with microfracturing was made during knee arthroscopy depending on lesion characteristics as well as general intraarticular knee morphology. The indication was given for symptomatic full-thickness chondral defects, without extensive subchondral bony deficiency and lesion size with a maximum diameter of 3 cm^2^. Statistical analysis was performed using the software package SPSS version 17 (SPSS Inc, Chicago, Illinois, USA). All data were tested for normal distribution using the Kolmogorov-Smirnov test. Data were later compared using t-tests or Mann-Whitney U and Wilcoxon\'s signed rank tests. Group data were compared using one-way analysis of variance or Kruskal-Wallis analysis. χ^2^test was used to define independence and linear regression analysis was then carried out to evaluate the effects of patient and/or defect characteristics on the final clinical outcome. Unless otherwise stated, descriptive results are demonstrated as the mean±standard deviation. P\<0.05 was considered significant for all tests.

Results {#S3}
=======

From the available 560 subjects, a total of 454 (81.1%) were successfully contacted via telephone and completed the interview. Ten patients (2.2%) fulfilled inclusion criteria as children or adolescents. There were 2 females and 8 males (BMI 21.8±3.4). Mean age at time of surgery was 14.1±2.3 (one each aged 9, 11, and 14 years, 5 aged 15 years, 2 aged 16 years) and at time of interwiew 17.7±2.6 (follow up 3.5±1.5) years. Average symptom duration was 12.1±13.1 months. A total of 4 subjects had undergone previous surgery at the index knee, 3 subjects reported knee trauma leading to symptoms. All cartilage defects were single lesions (3 medial femur, 2 lateral femur, 2 trochlea, 2 patella, one lateral tibia plateau) with an average defect size of 1.2±0.80 cm^2^. There were 3 ICRS 3° lesions and 7 ICRS 4° lesions; bony deficiency was no indication against microfracturing in these cases. Lesion etiology was trauma in 5 cases, OD in 3 cases and degeneration in 2 cases.

Mean postoperative Lysholm was 92.1±9.9, IKDC 90.4±8.2 and Tegner 7.0±1.9. NAS-P improved from 8.2±2.2 to 2.0±1.1 (P\<0.001); NAS function changed from 7.9±1.4 to 1.7±0.8 (P\<0.001). The clinical outcome differed across knee joint regions (best outcome lateral femur, worst outcome patella undersurface) as well as in variations in pre-operative symptom duration (better outcome with shorter symptom duration); this was not significant. Furthermore, there was no significant difference between patients with and without previous surgery (P=0.068; better outcome without previous surgery) or trauma and no trauma (P=0.90; better outcome with previous trauma) leading to knee joint pain. Regression analysis did not show a significant impact of patient or defect characteristics on the clinical outcome.

When compared to the remaining adult subjects (n=444), all clinical outcome parameters were significantly better in children and adolescents (values for adults: Lysholm 70.7±21.7 (P\<0.001), IKDC 66.5±20.6 (P\<0.001), Tegner 3.9±1.8 (P\<0.001), postoperative NAS-P 2.9±2.0 (P=0.003), and postoperative NAS-F 2.7±1.7 (P=0.002).

Discussion {#S4}
==========

Study results show that clinical outcome following microfracture at the knee joint for treatment of cartilage defects among children and adolescents gives a very satisfying clinical outcome at 3.5 years post surgery. While specific patient/defect parameters can affect the outcome, this was not significant, most likely due to the small study group. Compared to the adult subjects treated at our institution, clinical outcome is clearly superior. This assertion does not change when we reduce the adult population to single, diameter-comparable defects (*data not shown*).

In general, cartilage defect repair among children and adolescents remains a topic of discussion. There is no literary information on the natural history of existing defects among young patients, while Ding and colleagues reported that changes among adult subjects are associated with female sex, age, and body mass index.^[@R10]^ According to age and anatomy, defect etiology is commonly either trauma with sheared off osteochondral fragments or underlying osteochondrosis dissecans (OD). There is a heavy body of literature reporting on management of loose joint bodies among young patients but it is not truly conclusive.^[@R11]^ Considering that osteochondral loose body fragments are viable,^[@R12]^ preservation with reduction and fixation of these fragments should be attempted whenever possible. Symptomatic OD can generally be managed first by drilling procedures.^[@R13]^ However, as in the subjects reported here, there remain cases with either chronic cartilage lesions or no given possibility for fragment recovery. For those patients, common operative cartilage defect repair options apply. While there are guidelines for use in adult patients, this treatment is still new territory among children and adolescents as far as reparative/regenerative defect repair is concerned.

Gudas *et al.*^[@R14]^ prospectively reported on 50 children with a mean age of 14.3 years who had either been randomized to treatment by osteochondral autografts (OAT) or arthroscopic microfraturing for osteochondritis dissecans defects in the knee. At a mean 4.2-year follow up, mosaic-type OAT was significantly superior to microfracturing. In contrast to the patients reported here, defect size was considerably larger (3.17 cm^2^) and symptom duration longer (23.54 months), which may have affected the poorer compared with OAT. We consider 3cm2 as the maximum defect size for microfracture treatment while in larger lesions autologous chondrocyte transplantation, as reported with satisfying outcome by Micheli,^[@R15]^ is clearly favored over OAT at our institution.

The final success of a microfracturing procedure among adult subjects has been shown to be generally dependent on patient age, duration of symptoms, lesion size, BMI, pre-operative activity level, previous surgery and repair cartilage volume.^[@R16]^ These factors may also be linked to the quality of the clot that is forming within the defective region ([Figure 1](#F1){ref-type="fig"}). This becomes much more important since it has been reported that clinical symptoms can be related to the quality of repair tissue.^[@R17]^

Figure 1(A) Pre-operative magnetic resonance imaging (MRI) shows large fresh traumatic chondral lesion of the lateral femoral condyle in a 15-year old boy with open physis. (B) 14-month postoperative follow-up MRI regression of bone marrow edema and satisfying cartilage defect fill with well shouldered border integration and almost isointense cartilage signal. Irregularities remain within the subchondral bone.

It is known that general stem cell quantity and quality is strongly influenced by age and, to a lesser extent, gender and also by underlying individual conditions.^[@R18]^ Fehrer and colleagues have previously reported that aged human MSC show a decline in differentiation potential as well as in proliferation rate. In agreement with this, Muschler described a significant age-related decline in the number of nucleated cells that were harvested (iliac crest) per aspirate for both men and women.^[@R19]^ One may speculate that the superior quantity, proliferative activity and differentiation capacity of stem cells in children and adolescents may provide an improved repair tissue. An improved intraarticular tissue morphology in turn may be minimizing symptoms, resulting in very good function. As in Mithoefer\'s analysis, the symptom duration and previous surgery also affected the clinical outcome in this study cohort. However, the sample size is too small to show a significant impact. However, besides the above reported MSC quality, we consider symptom duration the other major factor to affect clinical outcome. It has been shown in experimental and in clinical studies that existing cartilage lesions may initiate a catabolic intraarticular environment.^[@R20],[@R21]^ Joint homeostasis is altered and detrimental cytokines are over-expressed. These sequences are chronic in nature, while existing cartilage lesions may progress.^[@R22]^ Cartilage defect repair in an arthritic setting may result in an inferior outcome when compared to unaltered operative conditions. In particular, children and adolescents have a much stronger general tissue repair capacity, which can also be found for joint homeostatis. Chronic defects, longer symptom duration may be much better tolerated and balanced in younger patients.

The limitations of this study are in its retrospective nature and small sample size. Furthermore, no standard MRI documentation is available postoperatively, because all 10 subjects were very satisfied with the procedure result and, therefore, MRI was not clinically indicated. The advantages are to be found in the fact that this is the second study in the current literature to report the results of microfracturing among children and adolescents. Furthermore, the collective of consecutive adult patients for direct internal comparison can be considered quite large and, therefore, representative.

Conclusions {#S5}
===========

In conclusion, we consider arthroscopic microfracturing for treatment of limited size symptomatic knee joint cartilage defects among children and adolescents a reasonable surgical option. However, evaluation of long-term outcome in larger patient cohorts is required.
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